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INTRODUCTION
Cast irons of like composition and method of manu­
facture show considerable variations in their properties 
and behavior. This has stimulated much investigation, 
leading to a better understanding, of the material and of 
the methods of improving its properties. It has been long 
realized, that the properties of gray cast iron depend on 
the type and distribution of the graphite flakes as well 
as the nature of its matrix.
In a very recent investigation undertaken at the 
University of Michigan to determine the Time-Temperature- 
Transformation characteristics of Ni Hard Grain Roll Iron, 
It was found that the isothermal transformation charac­
teristics of NI Hard Iron were greatly affected by a High 
temperature ’Conditioning1 treatment of the material above 
its critical temperature.^ it was found, that a ’con­
ditioning’ treatment such as "cooling the specimen at a 
rat© of 60 to 70°F per hour from about 1700°F to the 
isothermal transformation temperature" or "holding the 
specimen at 1400°F for two hours before cooling down to 
the transformation temperature" resulted In an increase in 
hardness over that of ths specimens which were cooled in 
air to the isothermal transformation temperature.12, 13, 16
Realizing the possibilities of improving the hard-
II
ness and other properties of nwheel iron” by this ’con­
ditioning1 treatment this subject was suggested by 
Professor Carpenter, and the author undertook its in­
vestigation.
This paper gives an account of the procedure 
followed to find whether the hardness of “wheel iron" in­
creases with a conditioning treatment for two hours at 
temperatures of 1600°F, 1400°F, 1200°F and 1000°F, and 
attempts at a possible explanation of the difference in 
properties, particularly hardness, between the ’con­
ditioned* and ’unconditioned’ samples. In this attempt 
the nature of the graphite flakes formed, the nature of 
the matrix, the determination of the combined and 
graphitic carbon of the samples and an X-ray diffraction 
study were undertaken.
Suggestion for further work in the line are given 
towards the end of the paper.
EXPERIMENTAL PROCEDURE
Casting of the Test Specimens:
All specimens were cast at the C. S. Card Iron 
Works, Denver. A wedge specimen of the size shown in Fig.
1 was preferred to other shapes, as it would enable the 
study on different section thicknesses of the sample. The 
particular dimensions were chosen, so that the specimen 
could be easily Introduced into an electric furnace, avail­
able at the C. S. Card Iron Works.
Wheel Iron charge, melted in the cupola of the Card 
Iron Works was tapped Into a large ladle. The temperature 
of the metal at the mouth of the spout of the cupola was 
around 2700°F. From the large ladle about fifty pounds of 
metal was poured into another small ladle. The surface of 
the metal was then cleaned of all floating impurities and 
then it was poured Into green sand molds. Two specimens 
were cast from the same metal in separate flasks, one of 
which was subjected to the ’conditioning treatment1 while 
the other was allowed to cool In the mold to room 
temperature.
’Conditioning1 Treatments
The metal was allowed to solidify in the mold and 
about five minutes after pouring, one of the samples was
Fig* 1 Dimensions of the Test Specimen
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shaken out of the mold and the runner head broken off with 
a hammer. The specimen was then Immediately put Into an 
electric furnace kept at the desired temperature. I>ue to 
the heat In the specimen the furnace temperature often went 
up a little above the desired level; this was controlled by 
keeping the door of the furnace open a little for a few 
minutes, during which time the temperature came down to the 
desired level. This was later accomplished by keeping the 
temperature of the furnace a few degrees below the desired 
temperature so t hat when the sample was introduced into the 
furnace it would come up to the desired level. The 
temperature of the furnace was noted by means of a thermo­
couple and it was controlled within +5°F.
After keeping the sample at the chosen temperature 
for two hours it was taken out and allowed to cool to room 
temperature in air.
Examination of the Hardness:
Both specimens were cleaned and the surface ground 
off. It was then cut through the middle into two halves as 
shown by the dotted lines in Fig. 2. The cut surface of 
one of the pieces was then ground flat and polished on the 
emery belt. The Brinell Hardness of the specimen was then 
taken along a central line of the section from the base to 





























distant points. These points are numbered starting from 
the base towards the apex* The hardness values of the ’un­
conditioned1 samples and of samples ’conditioned’ at the 
different temperatures are shown in Table No. 1 to Table 
No. 4. These results are also plotted in Figure 3 to 
Figure 6, which also shows the size of the section and the 
central line of the section along which the hardness 
measurements were taken.
The Brinell Hardness value was preferred to Rock­
well C values as the former is thought to be more reliable 
for gray iron. The Rockwell machine may register a lower 
or higher hardness value if the diamond point should indent 
a flake of graphite or a mass of cementite respectively.
Table I
4
Hardness values of the sample ’conditioned1 at 1600°P and
the corresponding ’unconditioned1 sample
*
Brine11 Hardness Number Difference in
Point No, ’Unconditioned * ’Conditioned * B. H. Number
1 196 207 11
2 187 207 20
3 196 217 21
4 192 217 25
5 196 217 21
6 202 228 26
7 212 248 36
8 228 255 27
9 269 end broken off
Table II
5
Hardness values of t|ie sample 'conditioned1 at 1400°P and 
the corresponding 'unconditioned1 sample
Point Ho.




1 192 196 4
2 187 192 5
3 183 196 13
4 183 196 13
5 192 207 15
6 196 210 14
7 202 212 10
8 212 217 5
9 241 235 -6









at 1200°P and 
* sample.
Point No.




1 202 187 -15
2 196 179 -17
3 192 179 -13
4 196 179 -17
5 202 187 —15
6 207 187 -20
7 217 196 -21
8 223 217 -6
9 255 248 -7
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Table IV
Hardness values of the sample Conditioned1 at 1000°P and 
those of the corresponding ’unconditioned’ sample
Point No.




1 196 196 0
2 187 187 0
3 187 187 , 0
4 192 192 0
5 196 196 0
6 196 202 6
7 202 207 5
8 207 217 10












From the above tables and graphs, It Is seen that 
'conditioning1 of the samples at temperatures of 1600° F and 
1400° F does lporease the hardness all along the specimen. 
The maximum increase in hardness is observed at a section 
thickness of about one-half inch in the case of the sample
tconditioned at 1600° F and at a section thickness of about 
one inch in the one conditioned at 1400° F.
In the oase of the samples conditioned at 1200° F, 
there is a decrease in hardness all along the length of the 
specimen. The maximum decrease in hardness is observed at a 
section thickness of about one inch and the hardness 
difference from there towards the base is approximately 
constant.
'Conditioning' at 1000° F has no effect on the hard­
ness of the specimen from about a section thickness of 
about one and one-eighth inch down to the base of the wedge.
However, towards the apex an increase in hardness is noted.
\
Microscopic Examination:
One of the half-sections from each specimen was 
sectioned at five places so that each piece would have a 
thickness of about one inch. These sections were then 
polished and examined under the microscope.
k word about the polishing of cast Iron pieces, as 
in this investigation, does not seem to be out of place
9
here. Cast Iron must be polished very carefully so as to 
retain the graphitic flakes without being torn out and to 
prevent the formation of pits on the polished surface which 
might be mistaken for nodules of graphite. In fact the 
polishing operation took much time and after much careful 
work It was found that doing a fine polishing on ’0000’ 
paper and straightway going to the final polishing wheel 
gave the required results.
Examination of the Graphitic Structure?
The polished sections were examined under the 
microscope ’unetchedf and then photographed. These photo­
graphs of the sample ’conditioned’ at 1600°P and the 
corresponding ’unconditioned’ one, which are typical of the 
other three sets as well, are shown in Plates No. 1 to 10.
The sections are numbered from 1 to 5 starting from 
near the base and progressing towards the apex, as for 
example section 1600-F-l means the first section nearest 
the base of the sample ’conditioned* at 1600°F.
Section No. 1 has the coarsest and longest 
graphltltlc flakes and there is a gradual decrease in the 
size of flakes from this section to section No. 5 which has 
therefore the finest flake formation. It may be said here 
that the section No. 1 was gray and section No. 5 mottled 
in fracture. '
Plate No.l, 1600-S-5.100 X. Plate No.2, 1600-F-5.100 X.
Plate N0.3,:£ 1600-6-4.100 X.
' ^ T
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Plate No. 4, 1600-F-4.100 X.
PlatecNo.5, 1600-S-3.100 X Plate No.6, 1600-F-3.100 X
Plate.No.7, 1600-S-2. Plate No.8, 1600-F-2.
100 X 100 X
Plate No.9, 1600-S-l.100 X
Plate No.10, 1600-F-l100X
Plate No.11, 1600-S-5. Plate.No.12, 1600-F-5.iOOX - 100 X
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No appreciable difference In the mode of graphite 
formation was noted in any one section of the ’conditioned1 
sample from that of the corresponding section of the ’un­
conditioned1 sample, although in certain samples sections 
could not be cut off at exactly one inch from each other.
For example section No. 5 could not always be cut at 
exactly one inch from the apex as it was too hard for the 
hacksaw to cut at this point. This naturally would give a 
corresponding difference in the size of the graphitic 
flakes.
Examination of the matrix:
Nltal Etch. The polished sections were etched with 
2% nital and examined under the microscope and their photo­
graphs taken. These photographs are shown in .Plate No. 11 
to Plate No. 34.
(a) ’Conditioned’ at 160Q°F: (denoted as 1600-F)
and the corresponding ’unconditioned’ sample (denoted as 
1600-S)• Sections of these samples are numbered as 1600-F-l, 
1600-F-2, 1600-F-3, 1600-F-4 and 1600-F-5 for the ’con­
ditioned’ specimen and as 1600-S-l, 1600-S-2, 1600-S-3, 
1600-S-4 and 1600-S-5, for the corresponding ’unconditioned’ 
sample starting from near the base of the wedge in both 
cases.
Plate No.15, 1600-S-4.100 X
Plate No.14, 1600-F-4.100 X
Plate No.15, 1600-S-3. Plate No.16, 1600-F-3.
100 X 100 X.
Plate No.17, 1600-S-S. Plate No.18, 1600-F-2.100 X 100 X
Plate No.19, 1600-0-1. Plate Ho.£0, 1600-F-l.100 X 100 X
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1. In sections of tooth 1600-F and 1600-S, the 
microstructure consists of pearlite, steadite and graphite 
towards the toase sections. In sections 1600-S-5 and 1600- 
F-5 dendritic white iron structure (cementite, steadite and 
transformed ledetourite), is seen, though in 1600-F-5 the 
dendritic structure is less noticeable.
2. In all the 1600-S sections there is a network 
of steadite with its characteristic microstructure very 
clearly seen at higher magnification. This network of 
steadite is completely absent in the 1600-F sections. The 
difference between the rconditioned1 and the Unconditioned* 
samples is more pronounced in the wider sections than 
towards the apex. In section 1600-S-5 the dendritic 
structure is still seen. In section 1600-F-5, there Is 
appreciable amount of homogenization but not to the same 
extent as is the case with sections towards the base of the 
wedge. The difference In the steadite formation is clear 
from the photographs of the 1600-F-l and 1600-S-l sections 
shown at a higher magnification In Plate No. 21 and Plate 
No. 22 respectively.
3. More of the so-called "Primary Ferrite"^® Is 
seen In sections of 1600-F than in 1600-S. The formation 
of this "primary ferrite" is more pronounced on the edges 
and towards the apex of the ’conditioned* wedge especially
Plate No.21, 1600-S-l.250 X 1600-F-l 250 X
Plate No.23, 1600-S-3.75 X Plate No.24, 1600-F-3.75 X
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at places where fine graphite or graphite rosettes are seen. 
In the middle sections there is no appreciable difference in 
the formation of the "primary ferrite". The "primary 
ferrite" formation in 1600-S-5 and 1600-F-5 sections are 
shown at a higher magnification in Plate No. 25 and Plate 
No. 26.
4. In all the 1600-F sections there seems to be an 
appreciable Increase in the grain size. This is only 
natural due to the longer sojourn of the specimen at an 
elevated temperature much above the critical temperature.
In the last section, namely 1600-F-5, there seems to have 
occurred some destruction of the dendritic structure due to 
slight annealing.
Because of the absence of the steadite or cementite 
network it was not very easy to find out the grain size in 
sections of the conditioned specimen, though it was possible 
because of a lighter etching around the grain boundaries.
To show a contrast In the homogenization which the 
’condltionedf specimens have undergone and the consequent 
effect on the grain size, section 1600-F-3 and 1600-S-3 
are shown at a lower magnification in Plate No. 23 and 
Plate No. 24.
(b) ^Conditioned * at 1400°F (denoted as 1400-F) 
and the corresponding Unconditioned1 sample (denoted as
Plate No.26, 1600-F-5.250 X
Plate No.28, 1200-F-3.100 X




1400-S). Sections are denoted as 1400-F-l to 1400-F-5 and 
1400-9-1 to 1400-S-5 respectively, as In the previous case.
1. The microstructure consisted of the same con­
stituents (pearllte, steadite, cementite and graphite) with 
no free cementite in the wider sections and the white iron 
structure towards the apex of the wedge.
2. The disappearance of the steadite network, 
especially in the wider sections, as a result of condition­
ing was noticeable in this case as well, though perhaps the 
homogenization and absorption of the phosphide has not 
taken place to t he same extent In 1400-F samples as with 
1600-F sections.
3. Primary ferrite is seen In the 1400-F sections 
Just as in the case of 1600-F sections especially associated 
with places of undercooling and fine graphite formation.
4. There is no appreciable Increase in grain size 
in the 1400-F sections over that of the 1400-S sections.
(c) Conditioned1 at 1200°F (denoted as 1200-F) 
and the corresponding ♦unconditioned1 sample (denoted as 
1200-3). Sections are denoted as before, namely 1200-F-l 
to 1200-F-5 and 1200-S-l to 1200-S-5, respectively.
1. The matrix is exactly similar in both cases and 
consists of the same constituents as In the previous samples, 
with dendritic white iron structure towards the apex,
- 14
partially destroyed in the 1200-F-5 sample*
2. In this base the steadite formation around the 
grain boundaries has not disappeared on ’conditioning’ at 
this temperature. Steadite network Is seen In all ’con­
ditioned ’. and ’unconditioned’ samples with primary cementite
Aof the white Iron formation towards the apex of the wedge.
3. Slight Increase In the "primary ferrite" 
formation Is seen associated with fine graphite at the 
supercooled areas towards the apex. This is shown in 
Plates No. 31 and No. 32 taken at a higher magnification.
4. One difference noted between the ’conditioned’ 
and ’unconditioned’ samples Is that in the ’conditioned’
ones there is a distinct tendency for the spheroidlzation 
of the pearlite lamellae. This is more evident in Plates 
No. 33 and No. 34 taken at a higher magnification.
(d) ’Conditioned’ at 1QQ0°F (denoted as 1000-F) 
and the corresponding ’unconditioned’ sample (denoted as 
1000-S).
Sections are noted as before, as 1000-F-l te 1000- 
F-5 and 1000—S-l to 1000-8-5 respectively.
No difference Is noted in the microstructures of 
the corresponding sections of these specimens. Steadite 
network is present in both of the specimens and in both 
specimens the microstructure changes from the white iron 
structure near the apex to that of gray iron without any
Plate No.29, 1000-S-4. Plate No.30, 1000wF-4.100 X 100X
Plate No.31, 1200-S-5 Plate No.32, 1200-F-5.
250 X 250 X
Plate No.33, 1200-S-l.250 X
Plate No.34, 1200-F-l.250 X
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free cementite along the grain boundaries towards the base 
sectlons.
Alkaline Sodium Plcrate etch:
Samples were then repolished and boiled in a freshly 
made sodium picrate etching reagent for about eight minutes 
and then examined under the microscope# As the structures 
seen were a bit confusing these samples were then etched 
with nital and examined microscopically. The observations 
were in close conformity with those stated in the previous 
sections; the cementite towards the apex was colored, the 
pearllte was darkened due to nital etch and the steadite and 
"primary ferrite" (the latter on the sides of the graphite 
rosettes) remained white. The steadite had the characteristic 
dotted structure due to nital etch. No steadite network was 
seen in samples conditioned at 1600°P and 1400°F.
Chemical Analyslat
(a) Determination of Phosphoruss
As it was found that the effect of 1 conditioningf 
is primarily a question of homogenization and absorption 
the steadite network, the four samples of iron were 
analysed for their phosphorus contents, by the gravimetric 
method as follows:
Procedure: 1 gm. of the sample of cast iron was
16
dissolved in 50 ml. of dilute nitric acid (sp. gr. 1.2).
The graphite was filtered off and the filtrate collected 
in a 250 ml. conical flask. To this 10 ml. of KMnC>4 
solution (2.5#) was added to oxidize the phosphate formed 
completely to the ortho form, and also to oxidize the 
organic matter. This was then boiled for a minute or two 
and the precipitate of Mn02 formed was dissolved by care­
ful dropwise addition of a saturated solution of Na2S03 
and then it was boiled to expel the oxides of nitrogen.
This was then neutralized with ammonia and 3 to 4 ml. of
nitric acid and 10 gms of ammonium nitrate were added. The
solution, which should not be more than 50 ml. at this
stage, was heated to about 75°C and to it 50 ml. of 
ammonium molybdate solution was added. The flask was then 
stoppered and shaken vigorously for ten minutes. The 
precipitate of ammonium phosphomolybdate was then allowed to 
stand for about two hours and filtered in a fine-pored Gooch 
crucible, washed with cold dilute HN0;3(2:100) and five times 
with KNOjj solution (1$), dried and weighed. Prom the weight 
of the ammoniumphosphomolybdate thus obtained the percentage 
of phosphorus was calculated. The following table shows the 
results of the analysis:
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. Table V
Determination of Phosphorus In the Samples
Sample Ho. ... -  .. -  % p
1. 1600-F & 1600-3 0.29
2. 1400-F & 1400-3 0.30
3. 1200-F & 1200-S 0.28
4. 1000-F & 1000-S 0.25
(b) Determination of Combined Carbon airt Graphitic Carbons'
To study the effect of 'conditioning1 upon the com­
bined and graphitic carbon contents the specimens were 
analysed for total carbon and graphitic carbon by the direct 
combustion method; the combined carbon was found by their 
difference.
1* Total Carbon: The principle of the method is
that a clean and representative sample of the specimen is 
completely burned in a stream of oxygen free of interfering 
gases; the carbon is completely oxidized to CO2 which is 
then separated from other products of combustion and excess 
oxygen and accurately measured.
The apparatus therefore consisted of an oxygen 
source, an oxygen purifying train, a combustion furnace, a
18
purifying train for combustion products and an absorption 
unit for C<>2»
<
Procedure: After setting up the apparatus and
testing it for leaks, etc,, the blank on the system was 
determined.
A suitable factor weight (1.3656 gnu) of the sample 
(in the form of hacksaw cuttings), was weighed out and 
spread out as a thin uniform layer on the alundum bedding. 
About 0.& gm of tin was then sprinkled on top of it to act 
as an accelerator and then a thin layer of alundum was 
placed over it. The boat was then pushed into the hottest 
part of the combustion tube, which was kept at about 1000° C, 
and the tube was immediately closed. A steady current of 
oxygen was then passed through it for twelve minutes. The 
absorption tower containing soda asbestos ("ascarite1*), as 
the COg absorber, was then disconnected, opened momentarily 
to equalise the pressure inside to that of the atmosphere 
and weighed. The increase In weight due to the absorption 
of C(>2 was noted from which the percentage of total carbon 
was calculated.
A mean value of four determinations per sample was 
taken as the total carbon content of the sample. This is 
shown in Table VI given on the following page:
Table VI 
Determination of Total Carbon
19
Sample No. Experimental values % Mean value %
1600-F & 1600-S 3.164, 3.382, 3.400, 3.376 3. 331
1400-F & 1400-S 3.360, 3.450, 3.448, 3.462 3.435
1200-F & 1200-S 3.342, 3.270, 3.330, 3.354 3.324
1000-F & 1000-S 3.376, 3.340, 3.386, 3.382 3.371
2* Graphitic oarbons
Frooedure t The same factor weight of sample 
(1,3656 gm.) was dissolved In 50 ml, of HH03 (sp, gr, 1,2)
' and heated very gently on the hot plate. The solution was 
allowed to come down to a low volume to assure that the 
action had gone to completion. The graphite residue (with 
any separated silicic acid) was collected by suction on 
prepared asbestos contained In a Gooch crucible. This was 
then washed with hot water, then with a hot solution of KOH 
(sp, gr, 1,10), hot water, then with dilute HC1 (ls20) and 
finally with hot water. The suction applied left Just enough 
moisture to prevent any oxidation of the graphite and so 
without any further drying, the graphite particles together 
with the asbestos fibre was taken out of the Gooch crucible, 
placed over the alundum bedding of the nickel boat, and 
Inserted Into the combustion tube of the furnace kept above 
900° C. The carbon content was found out just as In the
20
case of the total carbon estimation, taking care to close 
the combustion tube immediately after Inserting the sample.
A mean value of two determinations was taken as the 
graphitic carbon content of the sample.
For the determination of graphitic carbon, the sample
should be preferably in the form of drillings or small 
cuttings and not in the form of fine hacksaw cuttings. Ex­
periments with hacksaw cuttings gave very low value of 
graphitic carbon and so all experiments were repeated with 
small solid cuttings from the samples. The cuttings were 
taken from corresponding points from all samples on the 
widest section.
The combined carbon was found as the difference 
between the total and graphitic carbons.
The results of the experiments are shown in Table VII.
Table VII
Determination of graphitic carbon
Sample Ho. Experimental values % Mean value %
1600-F 2.690, 2.702 2.696
1600-3 2.664, 2.680 2.672
1400-F 2.890, 2.648 2.719
1400-S 2.656, 2.708 2.682
1200-F 2.799, 2.662 2.730
1200-S 2.640, 2.652 2.646
1000-F 2.774, 2.866 2.820
1000-S 2.764, 2.796 * 2.780
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Table VIII gives the complete results of analysis*
Table VIII
Effect of •Conditioning1 on graphitic (or combined) carbon











& 3.331 ) 0.0241600-F 2.696 0.635)
1400-S ’ 2.682 0.753)
& 3.435 ) 0.0371400-F 2.719 0.716)
1200-S 2.646 0.678)
& 3*324 ) 0.0841200-F 2.730 0.594)
1000-S 2.780 0.591)
& 3.371 ) 0.0401000-F 2.2820 0.551)
The above table shows very slight Increase in graphitic 
carbon contents on conditioning. Within limits of experi­
mental errors nothing much could be attributed to such low 
values; all that oan be said is that graphltizatlon, if any* 
is only very slight. This Is also In accordance with the 
photomicrographs of the unetched samples* The slight 
Increase in graphitic carbon contents may be acoounted for 
by the slight increase in the ’primary ferrite’ formation 
on ’conditioning’•
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Examlna tIon of the X-ray diffraction patterns;
It was postulated that conditioning might give 
smaller amounts of retained austenlte In the samples on 
cooling to room temperature, because of the following 
facts;
After solidification In the mold, when cast Iron 
cools down to room temperature, factors such as graphi- 
tlzatlon and change of phase of Iron-namely from faee- 
centered-oubic T  Iron (austenlte) Into body-centered- 
cubicocIron (ferrite) tend to Increase the volume of the 
casting. But the outside of the casting Is cooling at a 
faster rate than the Inside, with the result that differ­
ential thermal shrinkage ocours between the Inside and 
outside of the casting. Thus we have a situation where 
we have a shrinking outside with the Inside trying to 
expand. This may develop high pressures within the casting 
and Inhibit not only graph!tizatIon but the change of the 
austenlte Into pearllte as well. This may thus give some 
retained austenlte In the casting on cooling to room 
temperature.
On conditioning at the elevated temperature, par­
ticularly above the critical temperature, the metal remains 
plastic for a longer time which thus may reduoe the In­
ternal stresses produced, giving less retained austenlte In 
the sample on cooling to room temperature. Thus It was
23
postulated that ’conditioning1 may give less retained 
austenlte, which might also partly account for the Increase 
In hardness*
To see whether this could he studied by X-ray dif­
fraction methods, ’Back Reflection Patterns' of the 'con- 
dit^Ohed' as well as the 'unconditioned' specimens were 
taken. 1600-F and 1600-S samples were used for this 
purpose, after pdLishing and etching off the surface to 
remove any residual stresses left on the surface layer due 
to polishing*
With Cu-radlation there was so much fluorescence 
even with a Nl-filter that no rings could be discerned.
With Mo-radiation a few very faint rings were ob­
tained using a ZrO filter, after an exposure of 12 hours.
The diameters of the rings thus found were measured. 
They are shown below In table IX.
Table IX 
Data obtained on X-ray analysis 
Targe 11 Molybdenum
Filter* Zirconium Oxide r
Sample Diameters of rings found
1600-F 11.28 cms., 6.0 cms., 4.73 cms.
1600-S 11.28 cms., 6.0 cms., 5.17 cms.
The fd f values of the planes causing the reflections 
were calculated as shown In Table X.
Table X
Calculation of the 'd' values
No* Diameter of ring »d»
1. 11.28 cms. 0.38806 A.
2. 6.0 cms. 0.37309 A.
3* 5.17 cms. 0.36420 A.
4. 4.73 cms. 0.36270 A.
Apparently freflections1 No. 3 and 4 are caused by 
the same constituent in the metal and the slight change in 
the fd' values may therefore be taken as the result of 
'conditioning1• This may be due to retained austenlte or 
may be due to the solution of the phosphide of the steadite 
in the iron. Further work in this line is necessary to 
say anything definite about it.
DISCUSSION OF RESULTS
The results obtained by conditioning wedge specimens 
of wheel iron at 1600° P, 1400° P, 1200° P, and 1000° P are 
given in the foregoing pages* In this section of this paper 
a discussion of the results will be attempted, with a 
probable explanation of the increase or decrease in hardness 
of the samples treated at the above temperatures as compared 
with that of the corresponding one cooled in the mold*
Hardness measurements of the samples have shown that: 
1* 'Conditioning' at 1600® F for two houra Increases 
the hardness of the specimen all along the length 
of the wedge, t he maximum increase in hardness 
observed being towards the middle of the wedge*
2* 'Conditioning' at 1400° F for two hours also 
increases the hardness of the specimen, the 
maximum increase in hardness in this case too 
being observed towards the middle*
'Conditioning' at 1600° F gives higher 
hardness than at 1400° F«
3. Treating the specimen at 1200° F for two hours 
gives a deorease in hardness all along the 
specimen*
4* Holding the specimen at 1000° F for two hours
has no appreciable effeot on the hardness except
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towards the apex of the wedge where it shows a 
slight inorease.
The .properties of cast Iron to a great extent depend 
upon the size, shape, and distribution of the graphitic 
flakes. As was shown, ^conditioning1 of wheel iron at the 
above temperatures for two hours has little effect on the 
formation of the graphitic flakes which therefore cannot 
account for the Increase or decrease in hardness.
Bolton, writing on "Phosphorus in Cast Iron", 
writes thuss8
The existence of the ternary formation in white 
iron Is established clearly. During the graphl- 
tlzatlon reaotlon, occurring in the formation of 
gray irons the carbide of the ternary eutectic 
diffuses out and under suitable cooling con* 
ditions and with suitable compositions only the 
binary formations are left. However, if cooling 
is too rapid to permit complete diffusion of 
carbon (carbide) from the ternary formation some 
of this remains In the steadite. If cooling is 
slow and phosphorus well under .Sjf the steadite 
may appear structureless. If the iron is 
annealed at 1600° F or above the steadite is 
broken down, the FejP slowly going into solid 
solution in the ferrite.
This is what may have happened during the •con­
ditioning1 of the wheel iron samples at temperatures of 
1600° F and 1400° F. Though Bolton says that breakdown 
of the steadite and the solution of FejP In the ferrite 
happens at temperatures of 1600° F or above, these
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experiments show that in the case of wheel iron it may 
happen even at 1400° F. The Pe^P going into solid 
solution in ferrite of the pearlite may largely account 
for the Inorease in hardness of the iron*
The question of ’conditioning* in these experi­
ments at 1600° P and 1400° P is therefore apparently one 
of homogenization and breakdown of the steadite and 
solution of the PejP in the ferrite. At the higher 
temperature of 1600° P these effects are more pronounced 
than at 1400° F; hence the increased hardness at the 
higher temperature.
The so-called "primary ferrite"4 formation has 
been associated with a certain rate of cooling, some 
degree of supercooling, and the presence of fine 
graphitic formation. The combination of these facts 
probably gave more "primary ferrite" formation towards 
either end of the wedge giving the maximum hardness 
difference towards the middle of the wedge. This may 
also be due to partial annealing of the dendritic for­
mation towards the apex.
In samples treated at 1200° P and 1000° P there 
Is apparently little homogenization and breakdown of the 
steadite network. Consequently they register no 
Increase in hardness.
In the sample treated at 1200° F the decrease in 
hardness could be accounted for by the tendency of the 
pearlite lamellae to spheroidize and a slight difference 
in the amounts of the "primary ferrite formation".
CONCLUSION
This work on the ’conditioning’ of wheel iron for 
hours at elevated temperatures has shown the follow-
1* ’Conditioning* above the critloal temperature 
definitely Increases its hardness♦ No increase 
in hardness Is observed after 'conditioning' ' 
below the critical range.
2. ’Conditioning' for two hours has no appreciable 
effect on the amount and nature of the graphitic 
flake formation, although a slight Increase in 
the formation of the so-called 'primary ferrite' 
indicates that there must be a slight Increase 
in the amount of graphitic, oarbon.
3. The effect of conditioning at 1600° P and
1400° P for two hours apparently results from 
homogenisation and breakdown of the steadlte, 
the Pe^P entering into solid solution in the 
ferrite.
4. Whether this treatment has any effect on the
amounts of residual austenlte has not been
fully studied. This may better be done with 
alloyed irons with and without oarblde stabi­
lisers. Even small amounts of residual austenlte
so
can be estimated by means of a focusing camera 
which is not available in our X-ray laboratory* 
Another way of investigating the subjeot is by 
quenching the samples from different 'conditioning1 
temperatures after different duration of 'conditioning' 
treatments*
Though it is true that Increase in metallurgical 
knowledge has explained many of the mystifying behaviours 
of cast iron* yet it is equally true that there remains 
before us a great and little explored territory* the 
careful mapping of which will add greatly to our knowledge 
and concurrently to improvements*
BIBLIOGRAPHY
BIBLIOGRAPHY
1* A* S. M* Metals Handbook*
American Society for Metals* (1948) pp. 510-511*
2* A* Sauveur, The Metallography and Heat Treatment 
of Iron and Steel* pp* 387-400.
3* Allen R* M** The Microscope In Elementary Cast Iron 
Metallurgy*
Amerioan Foundrymen's Association* (1939)*
4* Alfred Boyles* "The Pear11te Interval in Gray Cast 
Irons*
Transactions* American Foundrymen's Association* 
Vol. 48 (1940), pp. 531-569.
5* Alfred Boyles* "The Formation of Graphite in Gray
Iron",
Transactions* American Foundrymen's Association* 
Vol. 46 (1938), pp. 297-340.
6. A. S. T. M. Methods of Chemical Analysis of Metal,
A. S. T. M. Publication* Dec. 1936* pp. 6-11}
16-18.
7. J. W. Bolton* "Graphltlsatlon and Inclusions in Gray
Iron",
Transactions* Amerioan Foundrymen's Association* 
Vol. 45 (1937) pp. 467-544.
8. J. W, Bolton* "phosphorus in Cast Iron - II**
Foundry* Vol. 61 (Sept* 1933)* pp* 16-18; 52-54.
9. J. W. Bolton* "Gray Cast Iron", pp* 81-128; 128-166.
10. Cast Metals Handbook*
American Foundrymen's Association* last pages.
11. Epstein* Alloys of Iron and Carbon* Vol. I* pp* 95-160.
12. F. B. Rote* G* A. Conger* and K. A. De Longe*
"Determination of Time-Temperature-Transformation 
Curve of Iron and Steel Compositions"*
Roll Manufacturer's Institute* Technical Report 
Ho. 4* Part I A - Iron. June 1950*
I a.
32
13. P. B. Rot© and 0. A. Conger, "Isothermal Transformation
Characteristics at 500° P and 1000° F of Nickel Chill 
and Low Alloy Chill Roll Iron",
Roll Manufacturers * Institute, Technical Report 
No. 4, Part I C - Iron. October 1950.
14. F. B. Rote, 6. A. Conger, and K» A. De Longe,
"Influence of Austenlte Conditioning on Transformation", 
Transactions, American Foundrymen's Association, 
Reprint No. 51-9, 1951.
15. 3. C. Nassari, "Heat Treatment - Its Effect on the
Combined Carbon and Physical Properties of Wheel 
Iron",
Transactions, American Foundrymen's Association,
Vol. 47 (1939), pp. 1-49.
16. R. H. Bancroft and A. H. Dierker, "Ferrite - Its
Occurrence and Control in Cray Cast Iron",
Transactions, American Foundrymen's Association,
Vol. 45 (1937), pp. 449-466.
17. Murphy, D. W., W. P. Wood, and D. Girardi,
"The Rate of Austenlte Transformation in Cast Iron", 
Transactions, American Society for Metals.
Vol. 26 (1938), pp. 173-188.
18. Murphy, P. W., W. P. Wood, and D'Amloo,
"Austenlte Transformation in Gray Iron",
Transactions, American Foundrymen's Association,
Vol. 46 (1939), pp. 563-586.
